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CLAIMS 



(57) [Claim(s)] 

[Claim 1] The optical frequency modulation section which considers an electrical signal as a modulation input 
and outputs the lightwave signal by which frequency modulation was carried out, This lightwave signal and the 
optical frequency local oscillation section which outputs the local oscillation light of optical frequency which left 
only the intermediate frequency, The optical multiplexing section which multiplexs said lightwave signal and said 
local oscillation light, and the optical-heterodyne-detection section which inputs this lightwave signal it was 
multiplexed [ lightwave signal ] and outputs the electrical signal of an intermediate frequency equal to the 
difference of the optical frequency of said lightwave signal and said local oscillation light, The lightwave signal 
transmitter characterized by having an optical transmitting means to output the lightwave signal which carries 
out intensity modulation of the light source with this electrical signal, and is transmitted to an optical 
transmission line. 

[Claim 2] The lightwave signal transmitter [ equipped with a means to remove the noise resulting from 
fluctuation of said lightwave signal and said local oscillation light from the electrical signal acquired by the output 
of said optical-heterodyne-detection section ] according to claim 1. [Claim 3] It is the lightwave-signal 
transmitter according to claim 2 with which said modulation input is baseband signaling, and an information signal 
and this information signal include a means to set off the fluctuation component which extracted said means to 
remove from this second signal including the first signal to which the frequency modulation of said intermediate 
frequency signal was carried out by this information signal, and the second signal by which frequency modulation 
was carried out with said pilot signal including the pilot signal with which frequencies differ against the 
fluctuation component of said first signal. 

[Claim 4] Said means to offset each other is the lightwave signal transmitter [ equipped with the means which 
carries out frequency mixing of the first band pass filter which said first signal passes, the second band pass 
filter which said second signal passes, and the output of this first band pass filter and the output of this second 
band pass filter ] according to claim 3. 

[Claim 5] It is the lightwave signal transmitter according to claim 3 which is the signal which said information 
signal is a multi-channel amplitude modulation video signal by which frequency division multiplex was carried out, 
and said first signal bundled up this information signal, and carried out frequency modulation. 
[Claim 6] For said information signal, said pilot signal is a lightwave signal transmitter according to claim 3 which 
is the subcarrier set as a frequency which is different in extent which can be classified with a band pass filter. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is used for optical communication. This invention is used for transmission 
of a broadband signal. This invention is suitable for using for transmission of a video signal. It is related with the 
technique of transforming the broadband electrical signal by which amplitude modulation was carried out 
especially into the electrical signal by which frequency modulation was carried out. This invention is suitable for 
using as a lightwave signal transmitter for cable television. 
[0002] 

[Description of the Prior Art] The frequency modulation of the electrical signal by which amplitude modulation 
was carried out is carried out, and the optical transmission method which changes this electrical signal into a 
lightwave signal, and is transmitted is learned. This conventional example is shown in drawi ng 9 . Drawing 9 is the 
whole optical transmission method block diagram of the conventional example. In the conventional example 
shown in drawin g 9 , the multi-channel amplitude modulation (it is hereafter described as AM) video signal by 
which frequency division multiplex was carried out is collectively changed into a frequency modulation (it is 
hereafter described as FM) video signal, and optical transmission of the multi-channel video signal is carried out 
[a bibliography:1991 electronic communication link informatics meeting autumn convention, B-603, 4 - 64 pages, 
and a "pulse-ized FM package modulation analog light CATV distributing system"]. 

[0003] By inputting into a voltage controlled oscillator (it being hereafter described as VCO) the multi-channel 
AM video signal by which frequency division multiplex was carried out, the electrical signal by which frequency 
modulation was carried out is outputted. Furthermore, the electrical signal with which it was uniformly operated 
orthopedically and the frequency modulation of the amplitude was carried out is outputted by inputting this 
electrical signal into a limiter. Direct modulation of the semiconductor laser is carried out with this electrical 
signal, and a lightwave signal is acquired. This lightwave signal is transmitted to a receiving side using an optical 
fiber. 

[0004] Optical on-the-strength detection is carried out by the photodiode (PD) of a receiving side, and the 
lightwave signal transmitted with the optical fiber is again changed into an electrical signal. It restores to this 
electrical signal using SR flip-flop, the delay line, and a low pass filter, and the multiplex multi-channel amplitude 
modulation video signal with which frequency division of the origin was carried out is acquired by the receiving 
side. 
[0005] 

[Probiem(s) to be Solved by the Invention] By such optical transmission method of the conventional example, 
like an optical fiber multi-channel image transmission system, when considering a broadband electrical signal as 
an input, a limit is in the frequency band which can be modulated by the band limit of the input frequency of 
VCO. In VCO shown in the conventional example, an input impedance becomes large in a RF and, as for the 
electrical signal which can be inputted, about 200MHz becomes a limitation. Therefore, the number of the image 
channels which can be transmitted to coincidence is about 20. 

[0006] However, the 90MHz - 450MHz band where **** corresponds at about 30 channels is demanded of 
CATV current [ many ]. By the method using VCO shown in the conventional example, it cannot respond to this 
demand any longer. 

[0007] This invention is carried out to such a background and aims at offering the lightwave signal transmitter 
which can transmit a broadband electrical signal by the optical frequency modulation. This invention aims at 
offering the lightwave signal transmitter which can transmit the video signal of many channels. This invention 
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aims at offering the good lightwave signal transmitter of a signal quality. 
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TECHNICAL FIELD 



[Industrial Application] This invention is used for optical communication. This invention is used for transmission 
of a broadband signal. This invention is suitable for using for transmission of a video signal. It is related with the 
technique of transforming the broadband electrical signal by which amplitude modulation was carried out 
especially into the electrical signal by which frequency modulation was carried out. This invention is suitable for 
using as a lightwave signal transmitter for cable television. 
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PRIOR ART 



[Description of the Prior Art] The frequency modulation of the electrical signal by which amplitude modulation 
was carried out is carried out, and the optical transmission method which changes this electrical signal into a 
lightwave signal, and is transmitted is learned. This conventional example is shown in drawin g 9 . Draw ing 9 is the 
whole optical transmission method block diagram of the conventional example. In the conventional example 
shown in drawing 9 , the multi-channel amplitude modulation (it is hereafter described as AM) video signal by 
which frequency division multiplex was carried out is collectively changed into a frequency modulation (it is 
hereafter described as FM) video signal, and optical transmission of the multi-channel video signal is carried out 
[a bibliography:! 991 electronic communication link informatics meeting autumn convention, B-603, 4 - 64 pages, 
and a "pulse-ized FM package modulation analog light CATV distributing system"]. 

[0003] By inputting into a voltage controlled oscillator (it being hereafter described as VCO) the multi-channel 
AM video signal by which frequency division multiplex was carried out, the electrical signal by which frequency 
modulation was carried out is outputted. Furthermore, the electrical signal with which it was uniformly operated 
orthopedically and the frequency modulation of the amplitude was carried out is outputted by inputting this 
electrical signal into a limiter. Direct modulation of the semiconductor laser is carried out with this electrical 
signal, and a lightwave signal is acquired. This lightwave signal is transmitted to a receiving side using an optical 
fiber. 

[0004] Optical on-the-strength detection is carried out by the photodiode (PD) of a receiving side, and the 
lightwave signal transmitted with the optical fiber is again changed into an electrical signal. It restores to this 
electrical signal using SR flip-flop, the delay line, and a low pass filter, and the multiplex multi-channel amplitude 
modulation video signal with which frequency division of the origin was carried out is acquired by the receiving 
side. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] By such optical transmission method of the conventional example, 
like an optical fiber multi-channel image transmission system, when considering a broadband electrical signal as 
an input, a limit is in the frequency band which can be modulated by the band limit of the input frequency of 
VCO. In VCO shown in the conventional example, an input impedance becomes large in a RF and, as for the 
electrical signal which can be inputted, about 200MHz becomes a limitation. Therefore, the number of the image 
channels which can be transmitted to coincidence is about 20. 

[0006] However, the 90MHz - 450MHz band where **** corresponds at about 30 channels is demanded of 
CATV current [ many ]. By the method using VCO shown in the conventional example, it cannot respond to this 
demand any longer. 

[0007] This invention is carried out to such a background and aims at offering the lightwave signal transmitter 
which can transmit a broadband electrical signal by the optical frequency modulation. This invention aims at 
offering the lightwave signal transmitter which can transmit the video signal of many channels. This invention 
aims at offering the good lightwave signal transmitter of a signal quality. This invention aims at offering the 
equipment with which are satisfied of specification sufficient as a lightwave signal transmitter for cable 
television. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, according to this invention, the lightwave signal transmitter which 
can input a broadband electrical signal is realizable. Thereby, the video signal of many channels can be 
transmitted. Furthermore, the good lightwave signal transmitter of a signal quality is realizable. This invention is 
especially used for the lightwave signal transmitter for cable television, and is effective. 
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MEANS 



[Means for Solving the Problem] This invention is characterized [ main ] by using an optical-heterodyne- 
detection technique for frequency modulation. Thereby, the frequency band which can be inputted as compared 
with the conventional equipment using VCO is broadband-ized sharply. Namely, the place by which this invention 
is a lightwave signal transmitter and it is characterized [ the ] The optical frequency modulation section which 
considers an electrical signal as a modulation input and outputs the lightwave signal by which frequency 
modulation was carried out, This lightwave signal and the optical frequency local oscillation section which 
outputs the local oscillation light of optical frequency which left only the intermediate frequency, The optical 
multiplexing section which multiplexs said lightwave signal and said local oscillation light, and the optical- 
heterodyne-detection section which inputs this lightwave signal it was multiplexed [ lightwave signal ] and 
outputs the electrical signal of an intermediate frequency equal to the difference of the optical frequency of said 
lightwave signal and said local oscillation light, It is in the place equipped with an optical transmitting means to 
output the lightwave signal which carries out intensity modulation of the light source with the electrical signal 
acquired by this optical-heterodyne-detection section output, and is transmitted to an optical transmission line. 
[0009] It is desirable to have a means to remove the noise resulting from fluctuation of said lightwave signal and 
said local oscillation light from the electrical signal acquired by said optical-heterodyne-detection section 
output. [0010] Said modulation input is baseband signaling and, as for an information signal and this information 
signal, it is desirable to include a means to set off the fluctuation component which extracted said means to 
remove from this second signal including the first signal to which the frequency modulation of said intermediate 
frequency signal was carried out by this information signal including the pilot signal with which frequencies differ, 
and the second signal by which frequency modulation was carried out with said pilot signal against the 
fluctuation component of said first signal. 

[001 1] As for said means to offset each other, it is desirable to have the means which carries out frequency 
mixing of the first band pass filter which said first signal passes, the second band pass filter which said second 
signal passes, and the output of this first band pass filter and the output of this second band pass filter. 
[0012] The electrical signal which removed by this the fluctuation component generated in process of the optical 
frequency modulation can be acquired. 

[0013] Said information signal can be a multi-channel amplitude modulation video signal by which frequency 
division multiplex was carried out, and said first signal can be a signal which carried out the frequency 
modulation of this information signal collectively. 

[0014] Said pilot signal can be the subcarrier set as the frequency from which said information signal differs in 
extent which can be classified with a band pass filter. 
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OPERATION 



[Function] An electrical signal is considered as a modulation input, the lightwave signal by which frequency 
modulation was carried out is outputted, and the local oscillation light of different optical frequency from this 
lightwave signal is multiplexed to this lightwave signal by which frequency modulation was carried out. By 
outputting the electrical signal of a frequency equal to the difference of the optical frequency of these two 
lightwave signals from these two lightwave signals it was multiplexed [ lightwave signals ], the electrical signal by 
which amplitude modulation was carried out is transformed into the electrical signal by which frequency 
modulation was carried out. As an electric light conversion means, although semiconductor laser is used, since 
semiconductor laser can perform electric light conversion even if the electrical signal to input is a RF to about 
several GHz, it can realize large broadbandHzation as compared with the electric means of VCO and others, for 
example. A frequency equal to the difference of the optical frequency of two lightwave signals is a frequency 
which an electrical signal can treat. 

[0016] Furthermore, the electrical signal of the broadband where the frequency modulation of the high signal 
quality was carried out can be acquired by removing the noise resulting from fluctuation of the lightwave signal 
by which frequency modulation was carried out, and local oscillation light from this electrical signal. 
[0017] Said modulation input is baseband signaling and, as for the first signal to which the frequency modulation 
of the electrical signal with which an information signal and this information signal are outputted by optical 
heterodyne detection including the pilot signal with which frequencies differ was carried out by this information 
signal, and this first signal by which frequency modulation was carried out with said pilot signal, the frequency 
includes the second different signal in that signal. At this time, it is good to remove the noise included in an 
electrical signal by offsetting the fluctuation component of the first signal by the fluctuation component 
extracted from this second signal. 

[0018] The first signal and second signal can be separated and taken out in offset of fluctuation using a band 
pass filter, and it can carry out to it by carrying out frequency mixing of these. 

[0019] An information signal is a multi-channel AM video signal by which frequency division multiplex was carried 
out, for example, and, as for the first signal, it is desirable that it is the signal which carried out the frequency 
modulation of this information signal collectively. This invention can input and carry out the frequency 
modulation of the electrical signal of such a broadband. 

[0020] As for a pilot signal, it is desirable for an information signal to be the subcarrier of a different frequency. 
Since a pilot signal is a signal for acquiring the fluctuation used for offset, it is good to use the subcarrier of a 
different frequency from an information signal so that it can dissociate with an information signal. 
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EXAMPLE 



[Example] The configuration of this invention example is explained with reference to drawing 1 . Drawing 1 is the 
whole this invention example block diagram. 

[0022] The place by which this invention is a lightwave signal transmitter and it is characterized [ the ] The 
optical frequency modulation section 1 which considers an electrical signal as a modulation input and outputs 
the lightwave signal by which frequency modulation was carried out, This lightwave signal and the optical 
frequency local oscillation section 2 which outputs the local oscillation light of optical frequency which left only 
the intermediate frequency, The optical multiplexing section 3 which multiplexs said lightwave signal and said 
local oscillation light, and the optical-heterodyne-detection section 4 which inputs this lightwave signal it was 
multiplexed [ lightwave signal ] and outputs the electrical signal of an intermediate frequency equal to the 
difference of the optical frequency of said lightwave signal and said local oscillation light, The package FM video- 
signal frequency stabilization section 5 as a means which removes the noise resulting from fluctuation of said 
lightwave signal and said local oscillation light from this electrical signal, It is in the place equipped with the 
package FM video-signal light transmitting section 6 as an optical transmitting means to output the lightwave 
signal which carries out intensity modulation of the light source with the electrical signal from this package FM 
video-signal frequency stabilization section 5, and is transmitted to an optical transmission line. 
[0023] Next, actuation of this invention example is explained. First, the optical frequency modulation section 1 is 
explained with reference to drawing 2 . Drawing 2 is the block block diagram of the optical frequency modulation 
section 1. Multiplex [ of the pilot signal ] is carried out by frequency division multiplex, with this multi-channel 
amplitude modulation video signal and pilot signal by which frequency division multiplex was carried out, the 
optical frequency modulation of the single mode laser 10 for an optical frequency modulation is carried out, and a 
lightwave signal f1 is outputted to the multi-channel AM video signal which is inputted and by which frequency 
division multiplex was carried out. In this invention example, a multi-channel AM video signal is a 90MHz - 
450MHz signal by which Frequency Division Multiplexing was carried out. The 2.1GHz subcarrier was used as a 
pilot signal. The single mode laser 10 for an optical frequency modulation is the lightwave signal of the 
wavelength the band of 1.5 micrometers of 193006.1 GHz. As a lightwave signal f1 is shown in drawing 2 , the 
field of a video signal exists in bilateral symmetry focusing on 193006.1 GHz, and the field of a pilot signal exists 
in the both ends. 
[0024] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Dra wing 1] The whole this invention example block diagram. 

[Dr awing 2] The block block diagram of the optical frequency modulation section. 

[Drawing 3] The block block diagram of the optical frequency local oscillation section. 

[Drawing 4] The block block diagram of the optical multiplexing section. 

[Drawing 5] The block block diagram of the optical-heterodyne-detection section. 

[Drawing 6] The block block diagram of the package FM video-signal frequency stabilization section. 

[Drawing 7] Drawing showing the signal state of each part. 

[Drawing 8] The block block diagram of the package FM video-signal light transmitting section, an optical-fiber- 
transmission way, a package FM video-signal receive section, and the package FM video-signal recovery section. 

[Drawing 9] The whole optical transmission method block diagram of the conventional example. 
[Description of Notations] 

1 Optical Frequency Modulation Section 

2 Optical Frequency Local Oscillation Section 

3 Optical Multiplexing Section 

4 Optical-Heterodyne-Detection Section 

5 Package FM Video-Signal Frequency Stabilization Section 

6 Package FM Video-Signal Light Transmitting Section 

7 Package FM Video-Signal Light Receive Section 

8 Package FM Video-Signal Recovery Section 

9 Optical-Fiber-Transmission Way 

10 Single Mode Laser for Optical Frequency Modulation 

1 1 Limiter 

12 Single Mode Laser for Local Oscillation 
14 Optical Coupler 

20 Frequency-Mixing Machine 
22 24 Band pass filter 
25 26 Variable attenuator 
30 50 Photodiode 

40 Semiconductor Laser for Transmission 
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[0021] 

[HMtM] *«w*js^©«^*s i zm%L~cmw? 
[0022] *mmytm j smmm-c$>*) . ■?•©#«£ so 



#i¥2 7 0 0 6 2 2 

6 

*rasss^^w«nfc^^©^giJ^i^%a^T £ 

fawtro^safjcieH-rsjttfiiste-rs^i ur© 
s^i^ u itejaisKasflrr tu^ -r & *asit* 

[ 0 0 2 3 ] &tc, *%BJ^^©«(fP*lfiHJT-S„ * 

» h«#K«* X> . *H»at)aBWffl#-*- F If 1 0 
-CW, ^t*;VAMWIf»90MHz-450M 

filttt, 2. lGHz©JRSS«*ffll»fc. 
^Pffl^—*-Ki^-—tfl 0B1 93 00 6. 1GHz 

©«s i . 5 nm&coftm^-v&z. %mn f ib, h 

2{C7jrrJ:5K:, 1 9 30 06. lGHz^Wtti 
*H*Cc|ft««#©«Ja*!#SEL. ^©MiSiJc^Vay h 

[0024] ^(c. %mmmmmw2 . ^«as3 
L-rmBj-rs. S3 ttftm$mm$mm8fi2 ©^a » 

S*fl#f liifefc. H4fc5%-r*#«S3©**^ 
5 1 4K^ur<SSStm0S|5ICK&^J; J >K^3ti 
•So 3*^83(B»«r«. 360#f 2«, 03Cc^-r<i:^ 
tC, 1 9 30 0 0GHz©M^bfc. 

[0025] smztitcytm^iz. asK^t^f-p 
^03i^ac»«!S«fffenjHSi» ( f 2 - f 1 ) . 

1 9 3006. 1 GHz - 1 9 3 0 0 0GHz = 6. 1 
GHz 

amsmnvcsasism. commm ( f 2 - f 1 = 
6 . 1 gh z ) tttiaua»tt£ Lrai>3&*^ifi6aja»j» 
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[0026] #fc, -mFMymm^mms&ttm 
z®6%my&Lxmw-?z. h8«-jsfmsmm}#jb 

«S8R3Se{t»5©^P»^«(aEia'C**. 0 6 (a) fc 
v-V-tt-i ZsW$M AiPh 3 ft j^lj&gfc ( f 

2 - f 1 = 6 . 1 gh z ) ozmma*ip>z&mtietS2 

4*m»r. 06 (d) K5Mvi4a? hMHfttU 
U «MWI»2 2«MC>'C. 06 (b) KSv-T- JSF 

M«««#*Jiaf «. cne»--o©^iijtjgs2 2 . 

5 . 2 6 K «fc 0 » I^MCMH-CMHHdl2 

0 k 0 . 0 6 ( c ) k mama s ftfcwam 

U— if 1 0 £»«»fiflttl— *- Fl/-f 1 2©ftJi)& 
tfc&s-eft-eft. ^SL^-©ffifcJ;9i9)?>^-e i b, C©-JS 

[0027] CCt, -^FMI8M*e^»S«*SK5£{fc» 
5©«>fP*§?)«:#itfBK:SiWrs. 07B#g|$©«-«ftR 
MteijtrHT?**. 07 (A) B. 3^!I8R9HTO1CC 
A* 3 ft 5 AMi^f-fte <fc 0*ftjg?&t& fpO;WB» 

ft# ©JB?£$E#i$B 9 0MHz~4 5 OMH z"C&*K 

7 (A) Ewlfcl«ffB. *jajSSB8B>l* 1 KJ: 0 

jaHsagen s ftfc#«-(tK:ssft 3 ft s %wigtt%M 
§b i ©3e««aBawjB*-*- f u~tf 1 o ©w-rs® 

0. -eoftfg^B, 07 (B) K^-rt^K&S. CC 

■cAf itt«9><5afj*#-e*a. «raofc«t5K. 

©JM#?ifc f 1 B 1 9 3 0 0 6. lGHzt*>), ft'W 

a 5. mi noymmwi. (f i + f p) B193008. 2 

GHz 07 (C) B. 3^8&fftt8£tt2*> 

-5. cctAf 2«i9>e.a r ^-c*s. «rau?t<fc^ 

Jlg|S#giIft©ja$Ei!i[ f 2 B 1 9 3 0 0 0 GH z t?* 
*. 07 (D) B, 36^oy^>tftjR»4*>6ffl^3 
ftSJMRtt ( f 1 - f 2) ©SMMT*S*s, Tfe^ 
{c*SEftS^6SfB*©**««fir#{c3Bft3ft*. C 
CTAf ( = Af 1+Af 2) B«9>6*fiSE»t?*-S. 0 

7 (e> Bv — g f um.mm^mms&kmm 5 ©s^ 

»«f§ 2 2 tc J: 13 #* § ft fc-JS F MRtifr 4) & . 
07 (F) B, HSFMRflMt#»jSaSBR3E{tW5©W 

2 4 fc J: 0 #$13 ftfc;s ^ a 9 h a*tr*S . 
CC?Af ( = Af 1 +Af 2) BK»?>#f 5. 
C©07 (F) fc^T^-fn* hM#£07 (E) Vim 

?-mFMm£mnt*mmtm&-?ztLtK.&*). 0 
7 (g> ^m?&5t £ ®%iftizftmmzntc-mM 
W8mn*m>zb&-c*&. 3 6k. c©— sfmr 

&H#B . y 5 s» # 1 1 fc J: D Mffi&W& 3 ft 5 . 

[0028] &tc, -gFMRflniJwessewe . ft? 



(4) sNfs¥2 7 0 0 6 2 2 
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r W /<£SMB 9 - -JS F MRftflHBgflfl! 7 *s<fc zh-fc 

FMwmmmn.m%t8$:m8*:^muxmwr2>. 08 
b-jsf M^«#ft,*mBi56 v %-y r xeaas 9 . 

-JS F M8^««-^fig|5 7 fc J: tf-fS F M!MMg-94KM 

me-cix. ^FMw&m^m&jmtw5ii>iim*) 

SftS«a«#K«fc»). SMlffl*»» U-tf 4 0 *98flE 

[0 02 9] *:?T^fiStSg9fcJ;9, -fSFMRtf! 
10 «Jf3l5SS«»6*>6ffi*3ft)fc*©^*-SFMIMfce 

#fts?«a$ 7 * reju-r-s. -fs f Mmmmnit&kmi® 

7(C*Sl»-rB, Sff L7t3fc<f-5f£:?* h^*-- F5 0 
KJ:*)*a8JS««l/. ««RSftfc«Sl«#*WA-i-*. 
[0030] HBFMWMt<HnB8«:*C»TI& 
*Sftfc«««^*$I3®ft^|gfcA27U JB&ft£M 
3ftfc«««#<0tWI*ff t\ %JRtt&&MB 1 KA* 
SftWB«»»«*«3ft&^^ -** Jl<SM£mRft« 

[003 1 ] 49W1XIIMI*. JB$5R&tt&£3ftfc& 
20 ft^^AMPs«f^4A*itS*ifMIibt 

[0032] 

«©-^*aMg^4Cij&i'C#S. 36ic, mn&m<Dj: 

[0H©fflWj:mBj] 
[01] *^Bj^JSM©^f«fng0o 
[02 ] ytm®.w@tmi®<D7u » r?»^0 o 
[03 ] ^jattttiasiasscDT'P » ^it^0 o 

[04 ] 3^jgai5©^ci 7 i»«j«H. 

[05] ft^xn^'('>t^g|5©?'t3 9 t>Ml$m„ 

[06] -gFM!Wfc«#«a«3e5e^t»©^0 7f« 
40 [07] &gR©«##3&&m-r0. 

[08] -SFM»^«-^ft5il«g|5, 367 T -fAfiJ» 
SS. — F MRflMt^Sflia* «fc Cf-^SF MKtfi^ft 

[09] fie*w©*eas*sc©*ft=(t«ia. 
1 ftja«»si^a5 

3 ftt=r$SB 

4 ft^a^^j&gG 

50 5 ^FMmffi§n®m&z7£im 
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Mf&S" AH 

- — Afl 
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199, 008. 2GHz 


— — Af2 




f2 

193.0GQGKZ 


tf&g- Af=Afl+Af2 




t | Af=A£lfAf2 



fi-f2-fp fi-f2 fi~f2+fp mjmtm 

4-OGHz 6-LGBz 8- 2GXz 



#6^ Af=AflfAf2 



OF) 



fl-f2-fp 
4. OCHz 



CG) 
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